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(54) ORGANIC ELECTROLUMINESCENT ELEMENTS 

(57) One object of the invention is to provide an organic EL device which uses an optical and electronic functional 
material particularly less susceptible to physical changes, photochemical changes and electrochemical changes, and 
can give out light emissions of various colors with high reliability and high light emission efficiency. Another object of the 
invention is to provide an organic EL device comprising an organic thin film formed by an evaporation technique of a 
compound that has high amorphism and high compatibility with a hole injecting electrode, said organic EL device being 
substantially free from a driving voltage increase or a luminance drop and a current leakage with neither development 
nor growth of local non-emitting spots, and so being capable of emitting light with high luminance, and high reliability 
such as high heat resistance. Yet another object of the invention is to provide an organic EL device using a multilayered 
film, said organic EL device comprising a hole injecting electrode or an organic material combined therewith, to which 
the optimum work function is imparted, and having high heat resistance. A further object of the invention is to provide 
an organic EL device capable of having high Hole mobility and so obtaining much higher current density. 

Such objects are achievable by the provision of an organic EL device comprising organic compound layers, at least 
one of which has a skeleton represented by formula (I): 




GO where Lq is any one of o-, p-, and m-phenylene groups which have two, three or four rings and which may have a sub- 

O stituent with the proviso that when Lo is a phenylene group having four rings, the phenylene group may have an unsub- 
CL 

LU 
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stituted or substituted aminophenyt group somewhere therein, R 01 , Rq 2 . R03 and are each any one of the following 
groups: 




where R 11f R 12 , R13, R14. R15. R16 and R 17 are each a substituted or unsubstituted aryl group, and r 1t r 2 , r 3 and r 4 are 
each an integer of 0 to 5 with the proviso that r 1 +r 2 + r 3 + r 4 ^1. 
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Descripti n 
TECHNICAL FIELD 

5 The present invention relates generally to an organic EL (electroluminescent) device, and specifically to a device 
which emits light upon the application of an electric field to a thin film of multilayered structure. More specifically, the 
present invention is concerned with an organic electroluminescent light emission device including a hole injecting layer 
comprising a specific triarylamine polymer, so that low driving voltage, stable light emission, high quality display images 
and high heat resistance are achievable. 

10 

BACKGROUND TECHNIQUE 

An organic EL device comprises a thin film containing a fluorescent organic compound interleaved between an 
electron injecting electrode (cathode) and a hole injecting electrode (anode), and emits light making use of light emis- 
15 sions (fluorescence and phosphorescence) upon deactivation of excitons which are generated by injecting electrons 
and holes in the thin film for their recombination. 

Features of the organic EL device are that surface light emission of high luminance of the order of hundreds can- 
delas/m 2 to scores of thousands of candelas/m 2 is achievable at a low voltage of up to 10 V, and blue to red light emis- 
sions are achievable by selecting the type of fluorescent material. 
20 On the other hand, problems with the organic EL device are that its light emission life is short, and its storage 
robustness and reliability are low for the following reasons. 

(1) Physical Changes of Organic Compound 

25 An inhomogeneous organic thin film interlace caused as by the growth of crystal domains is responsible for a drop 
of the ability of the device to inject holes, short-circuiting, and dielectric breakdown. Especially when a low-molecular 
compound having a molecular weight of 500 or less is used, crystal grains manifest themselves and grow greatly, result- 
ing in a strikingly reduced film property. When an organic thin film interface with ITO or the like is roughened, too, crystal 
grains manifest themselves and grow greatly, resulting in a light emission efficiency drop and current leakage which 

30 eventually lead to non-emission. This is also a leading cause of local non-emitting spots, i.e., dark spots. 

(2) Oxidation and Delamination of Electron Injecting Electrode 

To facilitate injection of electrons, for instance, Na, K, Li, Mg, Ca, and Al has so far used as a metal having a low 
35 work function. However, when these metals react with atmospheric moisture or oxygen or the organic layer peels off the 
electron injecting electrode, it is impossible to inject holes. Especially when a high-molecular compound is formed into 
film as by spin coating, solvent residues after film formation, moisture and decomposed products accelerate the oxida- 
tion reaction of the electrode, and causes the delamination of the electrode, resulting in local non-emitting spots. 

40 (3) Low Light Emission Efficiency and Generation of Much Heat 

The generation of heat is unavoidable because a current is passed through the organic compound and so the 
organic compound must be placed in a high field strength. The heat then gives rise to the melting, crystallization, and 
thermal decomposition of the organic compound, resulting in a deterioration and breakdown of the device. 

45 

(4) Photochemical, and Electrochemical Changes of Organic Compound Layer 

Upon passing a current through the organic material, the organic material degrades, resulting in defects such as 
current or excrton traps. These defects in turn cause a deterioration of the device such as a driving voltage increase or 
so a luminance drop. 

Practical light emitting devices are used in various environments. Especially when such a device is used in high- 
temperature environments, the quality of display images drops or the device breaks down because of the crystallization 
or physical change of the organic compound or the rearrangement, i.e., migration, dispersion, etc. of the organic mole- 
cules. 

55 A hole or electron injecting electrode interface that is an interface between an organic material and an inorganic 
material, especially the hole injecting electrode interface has a great influence on the film property of the organic mate- 
rial layer during film formation. In some cases, several problems aris ; an inhomogeneous organic layer is formed on 
the hole injecting electrode, and no good interface can be formed. 
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For this reason, it has so far been reported to use on the hole injecting electrode interface in an organic EL device 
materials such as phthalocyanine, polyphenylenevinylene, evaporated poiythiophene film, and amine polymer. How- 
ever, it is found that the use of phthalocyanine (United States Patent No. 4,720,432 or JP-A 63-295695) is not preferable 
because it yields a device which can be well operated in an initial state, but dark spots, light emission variations, etc. 
manifest themselves while it is operated over an extended period. This is because the phthalocyanine accelerates the 
crystallization of a material placed thereon due to its own microcrystalline nature. For polyphenylenevinylene, it is 
required to use a wet process such as spin coating wherein atmospheric impurities such as moisture are entrained 
therein,, or= ionic impurities such as leaving groups are entrained therein upon conversion from its precursor. Thus, the 
oxidation of the electrode proceeds rapidly, causing a striking luminance drop or a noticeable driving voltage increase. 

Problems with the evaporated poiythiophene film are that the reproducibility of fabrication of good devices is low 
due to large variations in the degree of polymerization of poiythiophene and large fluctuations in poiythiophene during 
evaporation, and the surface of ITO cannot be fully denatured due to difficulty involved in making poiythiophene thick 
because the poiythiophene itself has light absorption in a visible light region. Regarding amine polymers, for instance 
dendrimer materials (JP-A 4-308688), tetraamine materials (United States Patent No. 439,627) and triamine materials 
(JP-A 8-193191) have been reported. However, it is found that sufficient heat resistance is not obtained, and that a 
homogeneous and stable film cannot be obtained on a hole injecting electrode during high-temperature storage. 

DISCLOSURE OF THE INVENTION 

It is one object of the invention to provide an organic EL device which uses an optical and electronic non-structural 
material particularly less susceptible to physical changes, photochemical changes and electrochemical changes, and 
can give out light emissions of various colors with high reliability and high light emission efficiency. 

Another object of the invention is to provide an organic EL device comprising an organic thin film formed by an 
evaporation technique of a compound that has high amorphism and high compatibility with a hole injecting electrode, 
said organic EL device being free from a driving voltage increase or a luminance drop and a current leakage with nei- 
ther development nor growth of local non-emitting spots while it is driven, and so being capable of emitting light with 
high luminance, and high reliability such as high heat resistance. 

Yet another object of the invention is to provide an organic EL device using a multilayered film, said organic EL 
device comprising a hole injecting electrode or an organic material combined therewith, to which the optimum work 
function is imparted, and having high heat resistance. 

A further object of the invention is to provide an organic EL device capable of having high Hole mobility and so 
obtaining much higher current density. 

Such objects are achievable by the inventions defined below as (1) to (10). 

(1) An organic EL device comprising organic compound layers, at least one of which has a skeleton represented 



where Lq is any one of o-, p-, and m-phenylene groups which have two, three or four rings and which may have a 
substituent with the proviso that when Lo is a phenylene group having four rings, the phenylene group may have an 
unsubstituted or substituted aminophenyl group somewhere therein, R 01 , R 02 , and R^ are each any one of the 
following groups: 



by formula (I): 




EP0 891 121 A1 



5 




where R 11( R 12 , R13, R14, R15, R16 and R 17 are each a substituted or unsubstituted aryl group, and r 1f r 2 , r 3 and r 4 
are each an integer of 0 to 5 with the proviso that r., + r 2 + r 3 + r 4 ^ 1 . 
15 (2) The organic EL device of (1 ), wherein a set of phenylene groups represented by Uo is a 4,4'-biphenylene group. 

(3) An organic EL device comprising at least two organic compound layers, wherein the organic compound layer 
recited in (1) or (2) is an organic compound layer having a function of injecting and transporting holes. 

(4) An organic EL device comprising three or more layers including at least an organic compound layer having a 
function of injecting holes and at least an organic compound layer having a function of transporting holes, wherein; 

20 

the organic compound layer recited in (1) or (2) is an organic compound layer having said function of injecting 
holes. 

(5) The organic EL device of (3) or (4), wherein at least one layer of said organic compound layers includes a light 
25 emitting layer containing a hole transporting compound and an electron transporting compound. 

(6) The organic EL device of (5), wherein said light emitting layer exists between the organic compound layer hav- 
ing a function of injecting holes and/or the organic compound layer having a function of transporting holes and the 
organic compound layer having a function of transporting electrons and/or an organic compound layer having a 
function of injecting electrons. 

30 (7) An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer 
having a function of injecting and transporting holes as recited in (3), an organic compound layer having a function 
of transporting holes, a light emitting layer, and an electron injecting electrode laminated on said hole injecting elec- 
trode in the described order. 

(8) An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer 
35 having a function of injecting holes as recited in (4), a light emitting layer, and an electron injecting electrode lami- 
nated on said hole injecting electrode in the described order. 

(9) The organic EL device of any one of (3) to (8), wherein said organic compound layer having a function of inject- 
ing holes has a thickness of at least 100 nm. 

(10) The organic EL device of any one of (5) to (9), wherein said layer containing said compound has a Hole mobil- 
40 ity of at least 1 .0 x 1 0" 3 cm 2 /Vs. 

(1 1) The organic EL device of any one of (5) to (10), wherein the Hole mobility of said layer containing said com- 
pound is up to a half of that of said light emitting layer. 

ACTION AND EFFECT OF THE INVENTION 

45 

With the organic EL device of the invention wherein the compound represented by formula (I) is used for a hole 
injecting layer or a hole injecting and transporting layer, it is possible to achieve consistent and uniform light emission 
due to an improved thin film property. The organic EL device of the invention also remains stable or uncrystallized over 
a period of 1 year or longer in the air. The aforesaid compound is characterized by having in its molecular structure a 

so phenyfenediamine skeleton to optimize hole injection efficiency and a benzidine skeleton (biphenyldiamine) and a skel- 
eton having diamines with respect to a plurality of phenylenes to improve Hole mobility. Further, the organic EL device 
of the invention can stand up to high-temperature driving, and can efficiently emit light at a low driving voltage and a 
small driving current. Furthermore, when the organic EL device of the invention is continuously driven, there is only a 
slight or limited increase in the driving voltage. It is here to be noted that the EL device of the invention has a light emis- 

55 sion maximum wavelength of the order of 400 to 700 nm. 



5 



EP0 891 121 A1 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a general schematic illustrative of one exemplary architecture of the organic EL device of the invention. 

Figure 2 is a 1 H-NMR spectral diagram for synthesis example 1 . 

Figure 3 is a 13 C-NMR spectral diagram for synthesis example 1 . 

Figure 4 is an infrared absorption spectral diagram for synthesis example 1. 

Figure 5 is a 1 H-NMR spectral diagram for synthesis example 2. 

Figure 6 is a 13 C-NMR spectral diagram for synthesis example 2; 

Figure 7 is an infrared absorption spectral diagram for synthesis example 2. 

Figure 8 is a 1 H-NMR spectral diagram for synthesis example 3. 

Figure 9 is a 13 C-NMR spectral diagram for synthesis example 3. 

Figure 10 is an infrared absorption spectral diagram for synthesis example 3. 

Figure 1 1 is a 1 H-NMR spectral diagram for synthesis example 5. 

Figure 12 is a 13 C-NMR spectral diagram for synthesis example 5. 

Figure 13 is an infrared absorption spectral diagram for synthesis example 5. 

Figure 14 is a 1 H-NMR spectral diagram for synthesis example 6. 

Figure 15 is a 13 C-NMR spectral diagram for synthesis example 6. 

Figure 16 is an infrared absorption spectral diagram for synthesis example 6. 

Figure 17 is a 1 H-NMR spectral diagram for synthesis example 7. 

Figure 18 is a 13 C-NMR spectral diagram for synthesis example 7. 

Figure 19 is an infrared absorption spectral diagram for synthesis example 7. 

Figure 20 is a graph illustrative of the voltage vs. current density characteristics for HIM34 that is a hole injecting 
and transporting material according to the invention and MTDATA that is a conventional material. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The organic EL device of the invention comprises organic compound layers, at least one of which contains a com- 
pound having a skeleton represented by formula (1). 

Referring now to formula (I), Lq stands for a set of phenylene groups. Included in the set of phenylene groups rep- 
resented by formula (I) are o-phenylene and/or p-phenylene and/or m-phenylene. These phenylene groups may have 
a substituent. For instance, a biphenylene group represented as a phenylene group having two rings may include 4,4'- 
biphenylene, 3,3'-biphenylene and 3,4'-biphenylene groups among which the 4,4 , -biphenylene group is particularly pre- 
ferred. A terphenylene group represented as a phenylene group having three rings may include o-, p- and m-terphe- 
nylene groups among which the p-terphenylene (4,4',4"-teiphenylene) group is particularly preferred. A 
quaterphenylene group represented as a phenylene group having four rings may include o-, p- and m-quaterphenylene 
groups among which the p-quaterphenylene (4,4\4",4 ,H -quaterphenylene) group is particularly preferred. A phenylene 
group having four rings may have a substituted or unsubstituted phenylamino group somewhere therein. As the substit- 
uent in this case, the same substituents as mentioned in conjunction with the following R^ and R 12 may be used. 

R oi * R02' Ro3 and R 04 are each any one of the following groups: 



R 11» R 12- R 13. R 14. R 15» R 16 and R-I7 are each a substituted or unsubstituted aryl group. The aryl groups represented 
by Rn, R12. R 13. R 14. R 15> R 16 and R 17 may be a monocyclic or polycyclic aryl group, and have preferably 6 to 20 car- 
bon atoms in all. For instance, phenyl, naphthyl, anthryl, phenanthryl, pyrenyi, perylenyl, o-biphenyl, m-biphenyl, and p- 
biphenyl groups are mentioned. These aryl groups may further be substituted by an alkyl group having 1 to 6 carbon 
atoms, an unsubstituted or substituted aryl or alkoxy group, an aryloxy group, and the following group: 
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R 22 



10 where R 2 i and R^ are each an unsubstituted or substituted aryi group. 

The aryl group represented by R 2 i, and R22 is preferably a monocyclic or polycyclic aryl group having 6 to 20 car- 
bon atoms in ail. For instance, phenyl, naphthyt, anthryl, phenanthryi, pyrenyl, perylenyl, o-biphenyl, m-biphenyl, and p- 
biphenyl groups are mentioned, with the phenyl group being most preferred. These aryl groups may have a substituent 
such as an alkyl group having 1 to 6 carbon atoms, and an unsubstituted or substituted aryl group. A methyl group is 
15 preferably mentioned for the alkyl group, and a phenyl group is preferably mentioned for the aryl group. 

In the present disclosure, r 1 , r 2 , r 3 , and r 4 represents an integer of preferably 0 to 51 especially 0, 1 and 2, and most 
especially 0 or 1. It is then preferred that r 1 + r 2 + r 3 + r 4 is at least 1, especially 1, 2, 3 or 4, and most especially 2, 
3 or 4. R 01 , Ro 2 , R03, and R04 bonds to the meta- or para-position with respect to the N bond position; Rqi , Ro 2 . ^oz 
and R04 may all bond to the meta-positions, R01, R02. ^03 and R04 may all bond to the para-positions, or some of R01, 
20 R02, R03 and R04 may bond to the meta-positions while some may bond to the para-positions. When r 1 +r 2 + r 3 -i-r 4 
is at least 2, R^, Rq 2 , R03 and Rq4 may be different from or identical with one another. 
Preferable examples of such compounds are given by the following formulae (II) to (VII): 
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(VI) 



(VII) 



55 

Preferable examples of R^, Ro 2 , R03 and R04 are enumerated in the following Tables 1 to 78 wherein R^, Rq* R03 
and R 04 are simply given by R1 , R2, R3 and R4, and a substituent Ro 5 in formula (VII), which comprises four phenylene 
rings with a phenylamino group among them, is given by R5. Formulae (II) to (VII) are represented in the form of general 
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Table 1 



Compound General Substition Substitlon 

No. formula Rl position ° 2 R3 position ° 4 



(") N- 4 H- N- 4 H- 



6 

HjC H 3 C. 



(ID 4 H- 



0 

N— 4 H- 



H * C \J H 3 C- 
3 (II) N— 4 H- 4 H- 



Q-CH 3 Q-CH 3 
(II) N— 4 H- >|- 4 H- 



H 3 C-^ H 3 C-Q 
(II) N- 4 H - N- 4 H _ 



H 3 C- 



H 3 C H 3 C. 

6 (II) \|_ 4 H- 4 H- 

0 0 

H 3 C H 3 ? 
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Table 2 
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Table 3 
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Table 4 



Compound General Substition Substition 

No. formula R 1 position R 2 &3 position R 4 
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Table 5 
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Table 6 
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Table 7 
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Table 9 
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Table 10 
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Table 11 
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Table 12 



Compound General Substition 
No. formula " 1 R 2 R 3 position R « 
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Table 13 
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Table 14 



Compound General Substition 
No. formula " 1 R 2 R 3 position R * 



69 (ID H- H- M M _ 4 H— 



N- 

~ 0 




70 («) H- H- Q 4 H - 




71 («) H- H- \J 4 H- 

^ 0 
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Table 15 
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Table 16 
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Table 17 




25 



EP0 891 121 A1 



Table 18 
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Table 19 
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Table 20 
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Table 21 



Compound General Substition Substition Substition Substition 
No. formula Rl position "2 position R 3 position "4 position 



H 3 C^_ H 3 C^_ H3C, 

104 (II) 



0 0 

N- 4 ~V 4 ~^ N - 4 H- 

0 0 



H 3 C H 3 C H 3 C 



HaC "Q d> H 3°-Q 

_V 4 M f . 4 ~ 

0 6 



105 (ID / N— 4 ~^ N _ * J N " 4 H- 4 



H 3 C ^ H 3 C 

H 3 C. 



H 3 C 

106 (H) 



-0 Q 0 

. N- 4 N— 4 4 H- 



Q Q Q Q 

107 (H) y N ~ 4 / N_ 4 / N ~ 4 / N_ 4 

GOO 



H3C V /==v H3Q 

108 (ID 



0 Q 0 Q 

0 O 0 O 



H 3 c -0 O h 3 c-Q Q 

109 (H) n— 4 N- 4 N- 4 N- 4 

0 0 0 0 
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Table 22 
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Table 23 
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Table 24 
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Table 25 




33 



EP0 891 121 A1 



Table 26 

Compound General Substition Substition 



No. formula 1 position " 2 " 3 position 




OQ O-Q 
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Table 27 
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Table 28 
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Table 29 
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Table 30 



Compound General Substition Substition 

No. formula Hl position " 2 " 3 position R " 
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Table 31 



Compound General Substition Substition 

No. formula R i position R 2 R 3 position R 4 



Q 



160 (II) >- 3 H— / N " 3 H- 



Q Q 

6 



161 (II) >- 3 H- _/* 3 H- 



o-<_ 

CH 3 



162 (II) >- 3 H- 3 H- 



163 00 _V 3 H- y N " 3 H- 




164 (II) 3 H- _/ N 3 H- 




Q 
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Table 32 
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Table 34 

Compound General 
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Table 35 



Compound General r Substition 

No. formula " 1 R 2 R 3 position R4 



Q 

N 
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Table 36 



Compound General 
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Table 37 



Compound General _ Substition 

No. formula Rl R * " 3 position H * 



~ Q 

h 3 c Q 



188 (II) H— H- 3 H- 



~ 0 




189 (II) H- H— \_£ 3 H- 





190 (II) H- H- ^3 H- 

N- 



^ 0 




1, 
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Table 38 
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Table 39 
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Table 40 
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Table 41 
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Table 43 



Compound General _ Substition Substition Substition 

No. formula Rl position R * position " 3 position 4 



M 

217 (II) , H ~ 3 /=< 3 H ~ 3 H " 



w w M 

218 (II) N- 3 N— 3 ~>l- 3 H- 

d d o 

H 3 C. H 3 C 

Q Q ^ 

219 (II) >j_ 3 ~J*- 3 N- 3 H- 

d o o 

HjC-Q Q H 3 C-Q 

220 " ^ 3 cf 3 cf 3 H ' 



Q-CH 3 Q-CH 3 Q~CH 3 

221 (I!) N- 3 N- 3 N- 3 H 



H,C-Q HjC-Q Q 

d) 3 ^N- 3 N— 3 H- 

d d d 
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Table 44 
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Table 45 



Compound General R Substition Substition Substition Substition 

No. formula 1 position 2 position " 3 position 4 position 




EP0891 121 A1 




54 



EP0 891 121 A1 



Table 47 



Compound General R Substition R R Substition R 
No. formula 1 position 2 3 position 4 

239 (II) Q N _ 3 H- Q N _ 4 H- 



H 3 C H 3 C. 



240 (II) N N - 3 H- N N _ 4 H- 



H 3 C ""Q 3 H 3C-Q 



241 (II) 3 H- 4 H- 



6 



Q-CH 3 Q-CH 3 
242 (II) 3 H- 4 H- 



6 

H 3 C-Q 



H 3 C. 



243 (II) N— 3 H- 4 H- 

6 

244 (II) N- 3 H- S N— 4 H- 



245 (II) N— 3 H- N— 4 H— 



246 (II) N- 3 H- M 4 H- 

N— 
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Table 49 
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Table 50 



Compound General Substition Substition 

No. formula R 1 position R 2 position R 3 R 4 



258 (II) 3 4 H- H- 



d d 
H3C. H3C. 



-4 

259 (II) N— 3 N- 4 H " H ~ 



d d 



H3C-0 h 3 c-q 

260 (H) . N "< N _ 3 ^< H _ 4 H- H- 



261 (ID 3 \_ 4 H- H- 

d d 

H3C-Q H3C-Q 

262 (M) N- 3 N— 4 H- H- 

H 3 C-d H 3C"d 

263 (M) M 3 M 4 H- H- 



0 



JJ 

H3C H3C 

H 3 C ~C^ « H 3 C 



264 (II) J M 3 0 H 4 H- H- 

N— N— 



H3C H3C 



.0 



•Q 



265 (II) 3 ^ 4 H- H- 

N— 
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Table 51 



Compound General Substition Substition Substition 

No. formula 1 position "2 position R 3 position R * 



- <»> Q N- » R- 3 Q N . 4 H- 

d d d 

H3C. H 3 C, 



267 (II) 3 4 4 H- 



- « ^ 4 Q N _ 3 ^ _ 4 H- 

d d 



269 (II) 



0-CH 3 O-CH3 Q-CH 3 

N- 4 ~^ N _ 4 3 H- 

d 



Hac-Q H3C-0 O 

270 (II) N— 4 \- 3 N— 4 H- 

d d d 

H 3 C H 3 C H 3 C 

0 , 0 4 0 



271 (II) 



272 (II) H$C M 4 



N— " >|- - % N- 3 H " 



0 

Q 3 Hl °-Q 4 M— 
M N- -A 

Q H Q 



H 3 C_ H 3 C H 3 C 

;n- 4 Q 3 Hl °- - N . 



H 3 C \Jf h 3 C 

HaC^Q Q H3 °>=v 

273 (II) ^< N . 4 4 M 

d' 



N— 3 H " 
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Table 55 

Compound General Substition Substition Substition Substition 
No. formula R, position position R3 position R4 position 

295 (I!) 4 Q- 4 4 Q- 4 

q d 

H 3 C H 3 C 



296 " 0 4 O 3 6 4 °- 

H 3 C H 3 tf 



Q 

297 (II) N- 4 2,3 ~V 4 2,3 



V 

H 3 C H 3 C' 



298 (II) N- 4 Q 3,4 ""V 4 3 ,4 

Q 0 

H 3 C H 3 tf 



/ .CH 3 M /CHa 



299 (II) N- 4 _ 0 - 4 N- 4 _ Q ' 4 

0 Q 

H 3 C H 3 C 



Q 

>- U _>" w 
300 (") 0 4 -o * 0 4 -cT 4 



H 3 C H 3 C 
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Table 56 
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Table 57 
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Table 58 



Compound General Substition Substition 

No. formula «i position R 2 R 3 po sit i 0n FU 

Q Q 

316 ('") 4 H— , N ~ 4 H _ 



0 4 H " „ 0 



317 (III) 



N- \- 



„0 3 H " 0 



3 H— 

n; 

* CH 3 



3 H- 



Q * Q 

319 (III) / N ~ N— 

H 3 C 0 4 H- ^ 3 H- 

^CH 3 ^ ^ 

H 3 C v H 3 C 



320 (,,,) d N " 4 H - d" 4 H - 

0~ CH 3 £>CH 3 
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Table 59 

Compound General R Substition Substition Substition Substition 

No. formula 1 position 2 position 3 position 4 position 
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Compound General Substition Substition 

No- formula R 1 posi tion R 2 R3 position R 4 

H3C " H^cT 



326 (,V) *"V * H~ Hi- 4 H— 



H3C-Q h 3 C-Q 
327 (IV) \j— 4 H- \j- 4 H- 



Q Q 

328 (IV) \|- 4 H- N— 4 H - 



H 3 C "0 H 3 C- 
329 (IV) N- 4 H- >- 4 H- 

H 3C-Q H 3 C- 



H 3 C h 3 C 

330 (.V) 3 H- H— 3 H- 

H 3C-Q H 3 C-Q 

331 < IV > >- 3 H - \i- 3 H - 



H3 °) 

332 (IV) 3 H - 3 H _ 



6 
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Compound General Substition Substition 

No. formula Rl position R 2 R 3 position R * 
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Table 63 

Compound General R Substition R Substition R Substition R Substition 
No. formula 1 position 2 position 3 position 4 position 
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Table 66 



Compound General Substition Substition 

No. formula Rl position Rz * 3 position R4 



367 



365 (V) >j_ 4 H- N- 4 H- 

5 



Q Q 



N- N— 
368 (V) Q 4 H- Ci 4 H — 

0" N w 0" N 



CH 3 ^CH 3 



N— N- 



(V) ©-Nf~ 4 H- O-N 




N- N— 




4 H- 



4 H- 
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Table 70 

Compound General Substition R Substition R 
formula position " 2 R 3 position R 4 



387 M> >- 4 H— \- 4 H- 



H3C-O H 3 C-0, 



390 (VI) 



N- 4 H- \- 4 H _ 

- 



N— 4 H- 



392 (VI) 



0 

N ~ 4 H- >- 4 H _ 



.0 



H 3C H 3 C 
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Table 71 



Compound General Substition n Substition 

No. formula Rl position Rz Ra position R * v 




H 3 C 



79 



EP 0891 121 A1 




80 



EP0 891 121 A1 




81 



EP0 891 121 A1 




82 



EP0 891 121 A1 



Table 75 
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Table 76 



Compound General ^ Substition _ Substition 

No. formula Rl position R 2 R 3 position R 4 



H 3 C 



H a C. 



423 (VI.) 4 H- M N _ 4 H- hQ 



H3C-Q H 3 C 
424 (VII) 4 H- 



425 (VII) 



-Q - 




Q 

426 (VII) N- 4 H - N— 4 H- -Q> 

o 



CH 3 Vi~ CH 3 
N~ 4 H- N_ 4 H- -Q> 




427 (VII) i 7 > 4 H- 

"N- 



6 




/ 4 H- HQ 

N- 




H 3 C 



H 3 C 



428 (VII) _/*- 4 H— / N " 4 H- -Q> 
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Table 77 



Compound General _ Substition ^ Substition 

No formula Rl position R 2 R 3 position R * R s 
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Table 78 




The compounds of the invention may have such structures as given below. 
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The compounds of the invention may be synthesized by the Ullmann reaction for the condensation of, for instance, 
55 a primary or secondary aromatic amine and an aromatic iodide using a catalyst such as copper. When R 0 i and R 0 2 are 
asymmetric with respect to R03 and Rq 4 (both sides of the biphenyl moieties are asymmetric), R 01 and Ro 2 , and Rq 3 
and R04 may synthesize the corresponding amines, finally followed by the coupling of the biphenyl moieties (guanine 
coupling, Ni(dppp)CI 2 , etc.). 
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Illustrative synthesis examples are given below as (1) to (4). Using copper as the catalyst, 4,4'-diiodobiphenyl is 
coupled to a compound having formula (A) in (1), and a compound having formula (B) is coupled to a compound having 
formula (C) in (2), thereby obtaining an asymmetric compound having formula (D). In (3), a compound having formula 
(E) is coupled to a compound having formula (F) using Ni(dppp)CI 2 to obtain an asymmetric compound having formula 
(G). In (4), an asymmetric compound having formula (K) is synthesized from a compound having formula (J), and a 
compound having formula (I) obtained from a compound having formula (H). Here it is to be noted that R 30 , R 41 , R^ 
and Rso in the following formulae (A) to (K) are tantamount to R 01 , R^, R 03 and R 04 in general formula (I), respectively, 
and R 32 , R33. R42. R43. R46. R47. R52 and R53 are tantamount to R 11f R 12 , R 13 , R 14 , R 15 , R 16 and R 17 in general for- 
mula (I), respectively. 





SO 
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The compounds of the invention may be identified by mass spectroscopy, infrared absorption spectra (IR). 1 H or 
13 C nuclear magnetic resonance spectra (NMR) or the like. 

■mo ^w^^^Ti? 8 ^ |" v f rrtio ! 1 ha ^ 8 m o | ecu'ai' weight of the order of 640 to 2,000 and a high melting point of 
190 to 300 C. and show a high glass transition temperature of 80 to 200°C. They are put as by oidinary vacuunTevaD- 

T^"* amo / phOUS 5,316 Which is 5,8,5,8 even at hiaher th8n ™™ temperature; that is, they are 
obtained '"the form of a smooth and good film which is maintained intact over an extended period. It is here to be noted 
that some of the compounds of the invention have no melting point and exist in an amorphous state even at high tem- 
peratures. It is thus possible to obtain a homogeneous thin film lhat is by itself stable without recourse to a binder resin 
By using the compounds of the invention, the Hole mobility is so improved that a device having an increased current 
density can be obtained. The Hole mobility obtained by the compound of the invention is preferably at least 10x10* 
cnWVs. especially 1.1 x 10" 3 to 100 x 10* cnr^/Vs, and more especially 1.1 x 10" 3 to 20.0 x 10 3 cm 2 /Vs The Hole 
mobility of the layer containing the compound of the invention is preferably up to 1/2. especially about 1/4 to 1/1 000 
and more especially about 1/4 to 1/100 of that of the light emitting layer. In the inveSn. the hole inject^ layer is 
formed of the compound of the invention which imparts such excellent Hole mobility thereto. Even when such a hole 
mjecting layer ^ a thinness of at least 100 nm, and especially at least 200 nm, there is obtained a device that can be 

STJfrJZ? 00 ? CU ?' ! 18 ^ t0 * n0ted mat * eu PP erlim « °n the thickness of me hole injecting layer is usuany 
about 5.000 nm although the invention is not limited thereto. In the practice of the invention, this film thickness may be 

LrTZL^ 8 ^ manne 1 [ 4 ,ha *V wni ' e the °P tic81 i^ex of each layer is taken into account, the optimum 

light extraction efficiency is obtained with no problem in conjunction with the angle of view, etc 
The compounds according to the invention may be used alone or in combination of two or more 
The EL device of the invention comprises at least one organic compound layer, and said at least one organic com- 
pound layer comprises the compound or compounds of the invention. One exemplary construction of the organic EL 
device according to the invention is shown in Fig. 1. As illustrated, the organic EL device comprises a hole injecting 
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electrode 3, a hole injecting and transporting layer 4, a light emitting layer 5, an electron injecting and transporting layer 
6 and an electron injecting electrod 7 in the described order. Furthermore, if a color filter 8, a fluorescence conversion 
filter 9, an organic EL device as mentioned above, a sealing layer 10 and a cover 1 1 are stacked and formed on a glass 
substrate 2 in the described order, an organic EL color display is then obtained. 

The light emitting layer has functions of injecting holes and electrons, transporting them, and recombining holes 
and electrons to create excitons. The hole injecting and transporting layer has functions of facilitating injection of holes 
from the hole injecting electrode, providing stable transportation of holes and blocking electrons, and the electron inject- 
ing and transporting layer has functions of facilitating injection of electrons from the electron injecting electrode, provid- 
ing stable transportation of electrons and blocking holes. These layers are effective for increasing the number of holes 
and electrons injected into the light emitting layer and confining holes and electrons therein for optimizing the recombi- 
nation region to improve light emission efficiency. The electron injecting and transporting layer and the hole injecting 
and transporting layer may be provided, if required, while care is taken of the magnitudes of the functions which the 
compound used for the light emitting layer has in injecting electrons, transporting electrons, injecting holes, and trans- 
porting holes. For instance, when the compound used for the light emitting layer has great functions in injecting and 
transporting holes or electrons, the hole or electron injecting and transporting layer may be dispensed with; that is, the 
light emitting layer may be allowed to function as a hole injecting and transporting layer or an electron injecting and 
transporting layer. In some cases, both the hole injecting and transporting layer and the electron injecting and transport- 
ing layer may be dispensed with. Alternatively, the hole injecting and transporting layer and the electron injecting and 
transporting layer may be each separated into an injecting layer and a transporting layer. 

By controlling the thickness of the organic layer while care is taken of the carrier mobility or carrier density (deter- 
mined depending on ionization potential and electron affinity) of the light emitting layer, electron injecting and transport- 
ing layer or hole injecting and transporting layer to be combined therewith, it is possible to freely determine the 
recombination/light emitting region. It is in turn possible to design the color of light to be emitted, and control emission 
luminance and spectra due to the interference effect between both electrode as well as the spatial distribution of light 
emission. 

The compound of the invention may be applied to any one of the hole injecting layer, hole transporting layer, light 
emitting layer, and hole injecting and transporting layer. Since the compound of the invention is excellent in the capabil- 
ity of injecting holes, however, it is preferably applied to the hole injecting layer or hole injecting and transporting layer, 
especially the hole injecting layer. With the compound of the invention that has both the phenylenediamine skeleton and 
the diamine skeleton including a plurality of phenylene radicals such as a benzidine skeleton, it is possible to freely con- 
trol ionization potential and carrier mobility without sacrifice of heat resistance and, hence, optimize hole injection effi- 
ciency depending on the material to be combined therewith. 

Here an account is given of the case where the compound of the invention is used for the hole injecting and trans- 
porting layer. The hole injecting and transporting layer may be formed by the evaporation of the compound of the inven- 
tion or the coating of a dispersion of the compound of the invention in a resin binder. Especially the evaporation of the 
compound of the invention yields a good enough amorphous film. 

When the compound of the invention is used for the hole injecting and transporting layer, the fluorescent material 
used for the light emitting layer may be selected from materials emitting fluorescence of longer wavelength. For 
instance, a sensible selection may be made from at least one fluorescent material used for the light emitting layer in 
combination with the compound of the invention. In such a case, too, the compound of the invention may be applied to 
the light emitting layer. 

In this case, the compound of the invention may be used. However, the compound of the invention has the phe- 
nylenediamine skeleton contributing to very strong donicrty, and so is susceptible to interaction with the light emitting 
layer, resulting a drop of the intensity of fluorescence due to the formation of exciplexes, etc. This in turn offers problems 
such as a light emission efficiency drop, and a color purity drop due to the broadening of emission spectra, and so is 
undesired. When a light emitting material having no interaction with the compound of the invention, however, the com- 
pound of the invention may be used as a hole transporting material. 

The hole injecting and transporting layer may be formed of a combination of more than one of hole injecting and 
transporting materials. In a particularly preferred embodiment, hole injecting and transporting materials are laminated 
on ITO in the order of increasing ionization potential, for instance, in the order of a hole injecting layer and a hole trans- 
porting layer. Thus, it is preferable to form on the ITO surface a hole injecting material having a good thin film property 
so that a uniform thin film can be formed on the ITO surface having a varying hydrophilic nature. Since evaporation is 
utilized in the manufacture of devices, films as thin as about 1 to 10 nm can be formed in a uniform and pinhole-free 
state. If film thickness, refractive index, etc. are regulated, it is then possible to prevent an efficiency drop by controlling 
the color of light emitted and emission luminance or making use of interference light effects such as the spatial distribu- 
tion of light emission. 

For the hole transporting layer opposite to the light emitting layer, it is preferable to use a triarylamine polymer hav- 
ing a benzidine skeleton alone and less susceptible to interaction with the light emitting material, such as those set forth 
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in JP-A's 63-295695, 5-234681 and 7-43564. 

far JctTr!!^!"^ I? V emit8n9 ' ayer C ° ntain 8 fluorescerrt serial. The fluorescent material used herein 
^2Tn,:- "U 0,16 C °T Und Sel6Ct9d fr0m com P° unds such as those disclosed in JP-A 63^92 for 

e^^^irr 3 ° r itS 38 ,i9andS ' * inStanCe ' ,ri ^uino.inolato)a.uminum. te^hTnjK 

IS 'ff e !!' C0 ! Onene ' "? 12 -P hthal °P 8ri '»ne d«"'vatives. Use may further be made ZhJESZL 

■^J^^l'^F^ com P° undJs usedJn=combination with a-host substance capable of emitting light by 
itself ; that .s. rt rs preferable that the fluorescent compound is used as a dopant In such a case the «Zt d Set lu 
orescent compound in the light emitting layer is in the range of preferably 0*1 to 10% b vSfgM ar^^ol to 

? "2*5 USi " 9 *" flUOreSCent COmpound in «w*h*n with the host substanc H SeTlary the 
wavelength performance of light emission, thereby making light emission possible on a longer ^SSS^Sm 
hence, improving the light emission efficiency and stability of the device. wavelength side and. 

. °l no !i. no,8to complexes ' aluminum complexes containing 8-quinolinol or its derivatives as ligands are ore- 

t&x^ss^s* a,uminum comp,exes are disciosed in jp - a ' 6 "Sss^s'sr; 

Exemplary aluminum .complexes include tris(8-quinolinolato)aluminum, bis(8-quinolinolato)maanesium 
^SS^Tfff!^ ^•^■^'^aiuminum oxide, tri^nolinola^ST Ws£ 
SS^T^ST!^ ^T'r^^' Ws ^n^uinolino.ato gSium. bNMta^S 

Use may also be made of aluminum complexes containing other ligands in addition to 8-quinolinol or its derivatives 

I^ff!L!2^ 8lUminum b «(2-^etM-8<,uinoWato)Ce^ 

num (J 1 0 . bis(2-mettyl-8-qinohnolato) (m-cresolato) aluminum (III). bis(2.methy|.8-quinolinolato)(piesolato) alutnhum 
HQ b^-meth^s^uirKilinolatoJ^henyl^henolatoJalurrtnum (III), bis(2-met^-8<,uinolir l oE^enX^ 

d.methylphenolatojaluminum (III). bis(2-methyl-8-quinolino^^^^^ WmSSSi. 

5?2» 'n^^^SS^T bfe ( 2 - m ^'-8<luinolinolato) (^S.S.e-tetramemylphenolatoJaluminum 
m (III), bis(2.metr^-8-quinolinolato)(2-naphtholato aluminum 

onLS^^^ (,,,) - «s(2.4^metf^^LnolS!Z^ 

2S2?E 1 0. b«(2.4<l,methyl^uinolinolato) (m-phenylphenolato) aluminum (III) bis (2.4KJimeSyK!S. 

'^^'-^"^'"^(p-cresolatojaluminum (110. bis(2-methyl-4-methoxy-8-auinolinolato)(D-Dhe- 
nylphenola o)alummum (110. bis(2-metf^-5-c y ano^uinolinolato)(o-cresolato)aluminum (110 an7SmS£r!- 
luoromethyl-8-quinolinolato)(2.naphtholato)aluminum (III). 1 ; " 0 ° ,S{d metnyl 6 ,rrf 

• BS ?,nf t U f 6 may be made 01 bis ( 2 - meth y | -8-quinolinolato)aluminum (IH)-n-oxo-bis(2-methyl-8-auinolinolato> alu 

(»')-M-oxo-bis(^ (IIQ b^et^t 

methoxyqu.no! nolato)alum.num (HO-u-oxc-bisf^methyM-methoxyquinolinolatoJaluminum (III) bisfsiyanWZhvl- 
Sjmolinolato^uminum (HI) W bis(5-c^^ (,„), bisSyr 5 SuolomJ. 

ttTyl-^uinoliTOlatoJalum^um (NI)^-oxo.bis(2-methyl-5-tr«luo ro methyl-8^ ( ,„). 4 

Mn ^,%£2 fT? 8 h ° st u subsfances includ a phenylanthracene derivatives disclosed in Japanese Patent Application 
No. 6-1 10569. tetraaryiethenederivafives disclosed in Japanese Patent Application No. 6-114456 ete 
The phenylanthracene derivatives are represented by the following formula (VIIQ: 

A 1" L 1" A 2 (VIII) 

or Z^rZX"" * ^ **** "* ° f ^ f,0m "* Bnd arS 6aCh a """^anthry. 

ThA II^^ n S hryl ° f ^J"**^ 9 rou P represented by A 1 ,andA 2 may. or may not, have a substituent 
The substituent, for instance, may be an alkyl. aryl. alkoxy. aryloxy or amino group which may have anoth r lEZSEZZ 

attached to the anthracene ring rather than the anthracene ring per se is substituted by such a substituent Preferably 
■n th,sca S e. the bond posrtion of thepheny. group in the anthracene ring is the 9- orWpos^n^Z^Z 



94 



EP0 891 121 A1 



In formula (VIII), L 1 stands for a single bond or an arylene group. The aiylene group given by L t is preferably unsub- 
stituted. For instance, the arylene group includes an ordinary arylene group such as a phenylene group, a biphenylene 
group, and an anthrylene group as well as two or more such arylene groups attached directly to each other. L 1 is pref- 
erably a single bond, and a p-phenylene or 4,4'-biphenyiene group. 

s L 1 may also include two or more such arylene groups as attached to each other via an alkylene group, -0-, -S- or 
-N R-where R is an alkyl or aryl group. For instance, a methyl or ethyl group is menti _ ned for the alky! group and a phenyl 
group is mentioned for the aryl group. Particular preference is given to the aryl group, for instance, a phenyl group as 
well as A 1 and Ag. A phenyl group with A 1 or A2 attached thereto may also be acceptable. Preferred for the alkylene 
group are a methylene group, an ethylene group or the like. Examples of such an arylene group are given below. 

10 The tetraarylethene derivatives are represented by the following formula (IX) : 



15 




20 



In formula (IX), Ar 1t Ar 2 and Ar 3 may be identical with or different from one another, and are each an aromatic res- 
idue. 

25 Aromatic hydrocarbon groups (aryl groups), and aromatic heterocyclic groups, for instance, may be mentioned for 
the aromatic residues represented by Ar 1 , Ar 2 and Ar 3 . The aromatic hydrocarbon groups may monocyclic or polycyclic 
aromatic hydrocarbon groups, and include fused rings or ring combinations as well. Each aromatic hydrocarbon group 
has preferably 6 to 30 carbon atoms in all, and may have a substituent represented by an alkyl group, an aryl group, an 
alkoxy group, an aryloxy group, an amino group or the like. The aromatic hydrocarbon groups, for instance, include phe- 

30 nyl, alkylphenyl, alkoxyphenyl, arylphenyl, aryloxyphenyl, aminophenyl, biphenyt, naphthyl, anthryl, pyrenyl, and peryl- 
enyl groups. 

The aromatic heterocyclic groups are preferably those containing O, N, and S as a hetero-atom, and may each be 
a five- or six-membered ring. For instance, thienyl, furyl, pyrrolyl and pyridyl groups are mentioned. 

A phenyl group is particularly preferred for the aromatic group represented by Ar 1( Ar 2 , and Ar 3 . 
35 The letter n is an integer of preferably 2 to 6, and especially 2 to 4. 

L 2 is an n-valerrt aromatic residue. It is preferably a di~ to hexa-valent, especially di- to tetra-valent residue derived 
from an aromatic hydrocarbon, an aromatic heterocyclic ring, an aromatic ether or an aromatic amine. This aromatic 
residue, which may have a substituent, is preferably unsubstituted. 

The light emitting layer is formed by using the oompound of formula (IX) in combination with the aforesaid host 
40 material. It is also preferred that the light emitting layer is formed of a mixed layer of at least one compound capable of 
injecting and transporting holes with at least one compound capable of injecting and transporting electrons. Preferably 
in this case, a dopant is incorporated in the mixed layer. The content of the dopant compound in the mixed layer is in 
the range of preferably 0.01 to 20% by weight, and especially 0.1 to 15% by weight. 

In the mixed layer with a hopping conduction path available for carriers, each carrier migrates in the polarly prevail- 
45 ing substance, so making the injection of carriers having an opposite polarity unlikely to occur. This leads to an increase 
in the service life of the device due to less damage to the organic compound. By incorporating the compound of formula 
(IX) in such a mixed layer, it is possible to vary the wavelength performance of light emission that the mixed layer itself 
possesses, thereby shifting the wavelength of light emission to a longer wavelength side and improving the intensity of 
light emission, and the stability of the device as well. 
50 The compound capable of injecting and transporting holes and the compound capable of injecting and transporting 
electrons, both used to form the mixed layer, may be selected from compounds for the injection and transportation of 
holes and compounds for the injection and transportation of electrons. Especially for the compounds capable of inject- 
ing and transporting electrons, it is preferable to use metal complexes containing quinoline derivatives, especially 8-qui- 
nolinol or its derivatives as ligands, in particular, tris(8-quino!inolato) aluminum (Alq 3 ). It is also preferable to use the 
55 aforesaid phenytanthracene derivatives, and tetraaryfamine derivatives. 

For the compounds for the injection and transportation of holes, it is preferable to use amine derivatives having 
strong fluorescence, for instance, hole transporting materials such as tetraphenyldiamine derivatives, styrylamine 
derivatives, and amine derivatives having an aromatic fused ring, as already mentioned. 
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pound of the .nvention emits strong blue fluorescence ,0 J X " n9u,sh du « to their interaction The «T 

The thickness of the hole injecting and transport™ lavZ 5? T" ^ es P ec ««y 10 to 200 nm. 
to. or about 1/10 times to about 10 times as ZSmSEE? ^electron injecting and transporting layer is eaual 
T^ 0 ^ the,h,CkneS80f ■» 'averaJthouS kSm oX 

or c A EL dev,ce to emit 'W* at its surface it is reouta i . res| stance drop in the case of Al 
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mentioned above, however, the material and thickness of the hole injecting electrode are preferably determined such 
that at least 80% of the light emitted transmits through it For instance, it is preferable to use HO (tin-doped indium 
oxide), IZO (zinc-doped indium oxide), Sn0 2> Ni, Au, Pt, Pd, and polypyrrole for the hole injecting electrode. It is also 
preferable that the hole injecting electrode has a thickness of the order of 10 to 500 nm. To improve the reliability of the 
5 device, it is required that the driving voltage be low. Preferable to this end is an ITO of 1 0 to 30 Qfa (with a thickness of 
80 to 300 nm). In the practice of the invention, the thickness and optical constant of the ITO may be designed such that 
high light extraction efficiency and high color purity are satisfied by the interference effect due to reflection at the ITO 
interface. 

To a large device such as a display device, an Al interconnection may be applied because the resistance of the ITO 
10 increases. 

Preferably but not exclusively, transparent or translucent materials such as glasses, and resins are used for the 
substrate material because, in the illustrated embodiment, the emitted light is extracted or taken out of the substrate 
side. The substrate may be colored or otherwise provided with a color filter film, fluorescence conversion film or dielec- 
tric reflecting film for controlling the color of light emitted. 
is It is here to be noted that when an opaque material is used for the substrate, the order of lamination shown in Fig. 
1 may be reversed. 

For the color filter film, a color filter employed with liquid crystal display devices may be used. However, it is prefer- 
able to control the properties of the color filter in conformity to the light emitted from the organic EL device, thereby opti- 
mizing the efficiency of taking out light emission and color purity. 
20 By using a color filter capable of cutting off extraneous light of such wavelength as absorbed by an EL device mate- 
rial or the fluorescence conversion layer, it is possible to improve the light resistance of the device and the contrast of 
what is displayed on the device. 

Instead of the color filter, an optical thin film such as a dielectric multilayer film may be used. 

The fluorescence conversion film absorbs light emitted from an EL device and gives out light from the phosphors 
25 contained therein for the color conversion of light emission, and is composed of three components, a binder, a fluores- 
cent material and a light absorbing material. 

In the practice of the invention, it is basically preferable to use a fluorescent material having high fluorescent quan- 
tum efficiency, and especially a fluorescent material having strong absorption in an EL light emission wavelength 
region. Laser dyes are suitable for the practice of the invention. To this end, for instance, it is preferable to use rohod- 
30 amine compounds, perylene compounds, cyanine compounds, phthalocyanine compounds (including subphthalocya- 
nine compounds, etc.), naphthaloimide compounds, fused cyclic hydrocarbon compounds, fused heterocyclic 
compounds, styryi compounds, and coumarin compounds. 

For the binder, it is basically preferable to make an appropriate selection from materials that do not extinguish flu- 
orescence. It is particularly preferable to use a material that can be finely patterned by photolithography, printing or the 
35 like. It is also preferable to use a material that is not damaged during ITO film formation. 

The light absorbing material is used when light is not fully absorbed by the fluorescent material, and so may be dis- 
pensed with, if not required. For the light absorbing material, it is preferable to make a selection from materials that do 
not extinguish the fluorescence of the fluorescent material. 

In what follows, how to fabricate the EL device of the invention will now be explained. 
40 To form the hole, and electron injecting electrode, it is preferable to use vapor phase growth processes such as 
evaporation, and sputtering. 

To form the hole injecting and transporting layer, the light emitting layer, and the electron injecting and transporting 
layer, it is preferable to use a vacuum evaporation technique which enables a homogeneous thin film to be obtained. 
According to the vacuum evaporation process, it is possible to obtain homogeneous thin films in an amorphous state or 
45 with a crystal grain diameter of at most 0.1 nm. The use of a thin film having a crystal grain diameter exceeding 0. 1 nm 
results in non-uniform light emission. To avoid this, it is required to increase the driving voltage of the device; however, 
there is a striking drop of hole injection efficiency. 

No particular limitation is imposed on vacuum evaporation conditions. However, an evaporation rate of the order of 
0.01 to 1 nmfcec. is preferably applied at a degree of vacuum of up to 10" 5 Torr (10" 4 Pa). It is also preferable to form 
so the layers continuously in vacuum. If the layers are continuously formed in vacuum, high properties are then obtained 
because the adsorption of impurities on the interface between the adjacent layers can be avoided. In addition, the driv- 
ing voltage of the device can be lowered while the growth and occurrence of dark spots are inhibited. 

When the vacuum evaporation process is used to form the layers, each containing a plurality of compounds, it is 
preferable to carry out co-evaporation while boats charged with the compounds are individually placed under tempera- 
55 ture control. 

The EL device of the invention is generally of the DC drive type while it may be of the AC or pulse drive type. The 
applied voltage is generally of the order of 2 to 20 volts. 
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Mass spectrometry: m/e 850(W) 
C-NMR spectra are shown in Fig. 3 

sssss^ spec,ra " *» w in 4- 

Differential scanning calorimetry (DSC) 
£S : (Part-ally amorphous, 
ia lass transition temperature (DSC): 99°c 

Svrrthflgi^ Exam pig o 



98 



EP0 891 121 A1 




Mass spectrometry: m/e 850(M + ) 

1 H-NMR spectra are shown in Fig. 5. 

13 C-NMR spectra are shown in Fig. 6. 

Infrared absorption spectra are shown in Fig. 7. 

Differential scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 

Glass transition temperature (DSC): 107°C 

Synthesis Example 3 

Synthesis of N.N'-diphenyl-N.N'-bisfN-phenyl-N-A-tolyK^aminophenylJlbenzidine (HIM38: compound No. 16) 

N,N , -diphenyl-N 1 N'-bis[N-phenyt-N-4-tolyl(4-aminophenyl)]benzidine referred to below as HIM38 was obtained as 
in synthesis example 1 with the exception that 4-iodonaphthalene was used in place of 3-iodotoluene. 




HIM38 



Mass spectrometry: m/e 922(M + ) 

1 H-NMR spectra are shown in Fig. 8. 

13 C-NMR spectra are shown in Fig. 9. 

Infrared absorption spectra are shown in Fig. 10. 

Differential scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 

Glass transition temperature (DSC): 125°C 
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Mass spectrometry: m/e 974(M + ) 
Differential scanning calorimetry (DSC) 

Molt in/1 rvynti . ~ ... . 
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Mefttng point: unmeasurable because of amorphism 
Glass transition temperature (DSC): 1 20°C 

Synthesis Framp^ 5 
zenewere heated 
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filtrate. The residue was washed with acetone and then 3? I ^ 6nt was removed bv distillation from the 

^ns'nsolubles. The filtrate was washed vrtSwSr aSSJj?^^?* 0 " 1 1 00 ^ «<>»uene thereto; thereby 
rented by distillation from the filtrate, and the reSe ^SSS^ST Fo,,owin 9 this - ■» solvent was 
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Mass spectrometry: m/e 1 184(M + ) 

1 H-NMR spectra are shown in Fig. 1 1 . 

13 C-NMR spectra are shown in Fig. 12. 

Infrared absorption spectra are shown in Fig. 13. 

Differential scanning calorimetry (DSC) 

Melting point: immeasurable because of amorphism 

Glass transition temperature (DSC): 122°C 

Synthesis Example $ 

Synthesis of N.N^iphenyl-N.N'-bisfNiDher^ 
(HIM74: compound No. 25) 

N.N'^iphenyl-N.N'-bisINiJhenyl-^^^ referred to 

below as HIM74 was obtained as in synthesis example 5 with the exception that 4-iodotoluene was used instead of 3- 
iodotduene. 




Mass spectrometry: m/e 1 184(M + ) 

1 H-NMR spectra are shown in Fig. 14. 

13 C-NMR spectra are shown in Fig. 15. 

Infrared absorption spectra are shown in Fig. 16. 

Differential scanning calorimetry (DSC) 

Melting point: unmeasurable because of amorphism 

Glass transition temperature (DSC): 126°C 
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C-NMR spectra are shown in Fig. 18 
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Mass spectrometry: m/s 926(M + ) 
20 Synthesis Example 9 

Another synthesis of N,N , -dipenyl-N > N"-bis(N,N-diphenylaminophenyl)benzidine (HIM30: compound No. 1) 
tn synthesis example 1, iodobenzene was used instead of 3-iodoto!uene. 

25 

Mass spectrometry: m/e 822(M + ) 
Differential scanning calorimetry (DSC) 
Melting point: 246°C 

Glass transition temperature (DSC): 107°C 
30 Crystallization temperature: 212°C 

The crystailinity of this compound is somewhat higher than those of the compounds of synthesis examples 1 to 8. 
However, this compound yielded a film of amorphous physical properties upon evaporation. 

35 Ex a mple 1 

A glass substrate having a 100 nm-thick ITO transparent electrode (a hole injecting electrode) was ultrasonically 
washed with neutral detergent, acetone, and ethanol, and then pulled up from boiling ethanol, followed by drying. This 
substrate was cleaned with U V/0 3 , and f ixed to a substrate holder in a vacuum evaporation system, which was evacu- 
40 ated to a vacuum of 1 x 10~ 6 Torr (10~ 4 Pa). 

Then, the aforesaid N 1 N'-diphenyl-N,N'-bis[N-phenyl-N-3-tolyl(4-aminophenyl)]benzidine (H1M33: compound No. 
3) was evaporated at a deposition rate of 0.2 nm/sec. to a thickness of 50 nm to form a hole injecting layer. 

N.N.N'.N'-tetrakisbis-f-S-biphenyl-l-ylJbenzidine (TPD) having such a structure as given below and rubrene were 
co-evaporated at a weight ratio of 1 0:1 and a deposition rate of 0.2 nm/sec. to a thickness of 20 nm to form a hole trans- 
45 porting layer. 
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and 100°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

Example 4 

5 

A device was prepared as in example 1 with the exception that N.N'-diphenyl-N.N'-bi^N-phenyl-N^N-a-tolyl-N- 
phenyl(4-aminophenyl)](4-aminophenyl)jbenzidine (HIM73: compound No. 26) was used for the aforesaid HIM 33 
(compound No. 3). 

Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
10 device was found to emit yellow light of 24,800 cd/m 2 (with a light emission maximum wavelength Xmax = 565 nm and 
chromaticity coordinates of x = 0.49 and y = 0.50) at 13 V and 1,155 mA/cm 2 This light emission remained stable over 
a period of 1 0,000 hours or longer in a dry nitrogen atmosphere. Nowhere in the device were the occurrence and growth 
of local non-emitting spots observed. When the device was driven with a constant current of 30 mA/cm 2 , the half life of 
luminance was 1,000 hours (with an initial luminance of 1,841 cd/m 2 , an initial driving voltage of 6.76 V, and a driving 
is voltage increase of 2.5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C, 
and 120°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

20 Example 5 

A device was prepared as in example 1 with the exception that N.N'-diphenyl-N.N'-bisfN-phenyl-N-tN-phenyl-N^- 
tolyl(4-aminophenyl)](4-aminophenyl)}benzidine (H1M74: compound No. 25) was used for the aforesaid H1M33 (com- 
pound No. 3). 

25 Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 24,800 cd/m 2 (with a light emission maximum wavelength Xmax = 564 nm and 
chromaticity coordinates of x = 0.49 and y = 0.50) at 1 3 V and 1 ,155 mA/cm 2 . This light emission remained stable over 
a period of 1 0,000 hours or longer in a dry nitrogen atmosphere. Nowhere in the device were the occurrence and growth 
of local non-emitting spots observed. When the device was driven with a constant current of 30 mA/cm 2 , the half life of 

30 luminance was 1,000 hours (with an initial luminance of 1,841 cd/m 2 , an initial driving voltage of 6.76 V, and a driving 
voltage increase of 1 .5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C, 
and 120°C. The light emitting surface was found to be free of any variation even after the lapse of 500 hours. Nowhere 
in the device were the occurrence and growth of dark spots of 0.1 mm or greater observed. 

35 

Example 6 

A device was prepared as in example 1 with the exception that N l N'-diphenyl-N,N , -bis[N-phenyl-N-4-tolyl(4-ami- 
nophenyl)]benzidine (HIM35: compound No. 10) or N.N'-diphenyl-N.N'-tistN-phenyl-N-IN-phenyl-N-l-naphthyl^-ami- 
40 nophenyl)](4-aminophenyl)}benzidine (HIM78: compound No. 40) was used in place of the aforesaid H1M33 (compound 
No. 3). Equivalent results as in example 1 were obtained. Even with other exemplified compounds, equivalent results 
were obtained. 

Example 7 

45 

A device was prepared as in example 1 . Instead of the hole transporting layer of example 1 , however, a hole trans- 
porting and light emitting layer was formed by mixing a hole transporting material TPD, rubrene, i.e., a light emitting 
material having such a structure as given below and aluminum quinolinol (Alq 3 ), i.e., an electron injecting material hav- 
ing such a structure as given below at a weight mixing ratio of 5:5:1 to form a mixed layer of 40 nm in thickness by 
so means of triple co-evaporation. Thereafter, aluminum quinolinol (Alq 3 ) was evaporated to a thickness of 30 nm. 
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Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 21 ,400 cd/m 2 (with a light emission maximum wavelength Amax = 565 nm and 
chromaticity coordinates of x = 0.48 and y = 0.50) at 14 V and 767 mA/cm 2 . This light emission remained stable over a 
period of 10,000 hours or longer in a dry nitrogen atmosphere. When the device was driven with a constant current of 
25 30 mA/cm 2 , the half life of luminance was 400 hours (2,120 cd/m 2 , an initial driving voltage of 7.9 V, and a driving volt- 
age increase of 4.5 V). 

In another test run, a similarly fabricated device was allowed to stand alone in a high temperature vessel of 85°C. 
Variations in the light emitting surface were already observed after the lapse of 10 hours. Dark spots occurred and con- 
tinued to grow. 

30 

Comparative Example 2 

A device was prepared as in example 1 with the exception that copper phthalocyanine having such a structure as 
given below and a thickness of 10 nm was used for HIM33 (compound No. 3). 

35 




copper phthalocyanine 



50 



Voltage was applied across this organic EL device so that a current was passed therethrough. Consequently, the 
device was found to emit yellow light of 21,000 cd/m 2 (with a light emission maximum wavelength Xmax = 565 nm and 
55 chromaticity coordinates of x = 0.49 and y = 0.50) at 1 4 V and 532 mA/cm 2 . When the device was driven with a constant 
current of 30 mA/cm 2 , the half life of luminance was found to be 200 hours (1 ,873 cd/m 2 , an initial driving voltage of 6.50 
V, and a driving voltage increase of 8.0 V). Thereafter, no precise luminance could be measured due to growing dark 
spots. 



107 



EP0891 121 A1 



A glass substrate having a 100 nm-fh.>i, .-n-, 



50 



55 



A device was obtained as in examnio a «. 
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APPLICABILITY OF THE INVENTION TO INDUSTRY 
The organic EL device constructed 
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Furthermore, it is possible to achieve an organic EL device having high Hole mobility and ever higher current den- 
sity. 

Claims 

1 . An organic EL device comprising organic compound layers, at least one of which has a skeleton represented by 
formula (I): 



10 



15 




where Lo is any one of o-, p-, and m-phenylene groups which have two, three or four rings and which may have a 
substituent with the proviso that when Lq is a phenylene group having four rings, the phenylene group may have an 
20 unsubstituted or substituted aminophenyl group somewhere therein, R 01 , Rq 2 . R03 and ^04 are each an y one of the 
following groups: 



25 



30 




where R^, R 12 , R13, R14, R15, Ri 6 and R 17 are each a substituted or unsubstituted aryl group, and r 1p r 2 , r 3 and r 4 
are each an integer of 0 to 5 with the proviso that r 1 + r 2 + r 3 + r 4 £1 . 

35 

2. The organic EL device of claim 1 , wherein a set of phenylene groups represented by Lq is a 4,4'-biphenylene group. 

3. An organic EL device comprising at least two organic compound layers, wherein the organic compound layer 
recited in claim 1 or 2 is an organic compound layer having a function of injecting and transporting holes. 

40 

4. An organic EL device comprising three or more layers including at least an organic compound layer having a func- 
tion of injecting holes and at least an organic compound layer having a function of transporting holes, wherein: 

the organic compound layer recited in claim 1 or 2 is an organic compound layer having said function of inject- 
45 ing holes. 

5. The organic EL device of claim 3 or 4, wherein at least one layer of said organic compound layers includes a light 
emitting layer containing a hole transporting compound and an electron transporting compound. 

so 6. The organic EL device of claim 5, wherein said light emitting layer exists between the organic compound layer hav- 
ing a function of injecting holes and/or the organic compound layer having a function of transporting holes and the 
organic compound layer having a function of transporting electrons and/or an organic compound layer having a 
function of injecting electrons. 

55 7. An organic EL device comprising a hole injecting electrode, and including at least an organic compound layer hav- 
ing a function of injecting and transporting holes as recited in claim 3, an organic compound layer having a function 
of transporting holes, a light emitting layer, and an electron injecting electrode laminated on said hole injecting elec- 
trode in the described order. 
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FIG. 20 

EXAMPLE HIM34 
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